INTRODUCTION
Spring frosts -their causes, occurrence, damage they cause in orchards and methods of prevention -are the subject of numerous scientifi c and popular studies. Extensive information on the subject has been presented recently by H o ł u b o w i c z (2006) and Treder (2008) . Spring frosts and their effects in the region of Podkarpacie have been described by K o ł o d z i e j c z a k and M i k a (1984/1985) , and in the Lublin region -by L i p e c k i et al. The objective of this study was to determine the effect of spring frosts on fl ower buds and fruits of apple and pear trees on the example of several orchards in the region of Lublin. The studies were conducted in the orchard at the Experimental Farm at Felin (Part I) as well as in several production orchards (Part II).
MATERIALS AND METHODS
Part I of the study comprised observations of damage caused by spring frosts in an experiment involving 8 apple tree cultivars (Ligol, Golden Delicious Smoothee, Rubin, Red Boskoop, Jonagold, Elstar Elshof, Šampion and Royal Gala) budded on 7 rootstocks: P2, P14, P22, P59, P60, M.9 and M.26. The trees were planted in the spring of 1995 at the EF in Felin, at 3.5 x 2 m spacing. Every cultivar x rootstock combination was represented by 12 trees. Trees of each of the cultivars grew in a separate row, with the same sequence of rootstocks (schematic 1).
From the west, the orchard is shielded by a single-row hedge of Mahaleb Cherry, ca. 3-4 m high. Observations of damage caused by spring frost were made in 2000 and 2007. Air temperature patterns in the periods of occurrence of spring frosts are presented in Table 1 , based on data from the Meteorological Station of the Department of Agro-meteorology, University of Life Sciences, located at the Felin EF. Table 1 relates to both parts of the study. As follows from the data in the curred on 2 nd May, i.e. before the blooming of the trees; spring frosts were also observed at the end of April. The orchard at the Felin EF lies on an almost fl at ter- In both of those years, infl orescences were collected in mid-May, from the same side of the successive trees growing in a row, from a height of ca. 100 cm, taking 20 infl orescences from each cultivar x rootstock combination. In total, estimations were made for 5604 fl owers in 2000 and 5336 in 2007. The results were expressed in percentages of frozen fl owers and processed statistically using analysis of variance and estimating the differences between the cultivars and rootstocks by means of Duncan's test at 5% error probability. The results are presented in Tables 2, 3 and 4. Part II is concerned with observations made in 2 production orchards in the region of Lublin -in Rudnik, located at a distance of about 5 km from Felin, and in Stryjno, about 30 km from Felin. The studies 
Hedge

RESULTS
Part I
In 2000 the highest rate of frozen fl ower buds was recorded for cv. Jonagold, followed by Golden Delicious Smoothee and Elstar, and fl ower buds of cv. Ligol turned out to be the most resistant. The lowest numbers of frozen fl ower buds were found on trees of all the cultivars inoculated on rootstock P60. This could have been an effect of the location of the trees growing on that rootstock (schematic 1), however, the same cultivars growing on rootstock P59, the next row, displayed the most extensive frost damage. The results are given in Table 2 .
The results of observations made in 2007 did not support those of 2000. No signifi cant effect of the rootstocks on fl ower bud damage was found, and the difference between the best (M.26) and the worst (P2) rootstock was 6.1%. It should be emphasized, however, that rootstock P60 was inferior to M.26 by only 0.5%. A comparison of the cultivars showed that in 2007 the least frost damage was sustained by fl ower buds of cv. Golden Delicious Smoothee, and the differences between that cultivar and the remaining ones were signifi cant, with the exception of cv. Gala. The most frozen fl ower buds were observed on the trees of cv. Red Boskoop which differed signifi cantly from all other cultivars with the exception of cv. Rubin (Tab. 3).
In terms of mean values for the two years, the least damage was sustained by fl ower buds of the cultivars Royal Gala and Ligol, and the greatest -by those of the cultivars Red Boskoop and Jonagold; the differences between these cultivars were proven. The percentage of frozen fl ower buds was the lowest on the trees growing on rootstock P60 (average for both years and all cultivars), and the differences relative to the other rootstocks were signifi cant. The poorest results were obtained on rootstock P59, but the difference between that rootstock and the other ones (except for P60) was not statistically proven (Tab. 4). 
Part II
2005, Rudnik
The highest percentage of damaged fl ower buds was recorded in the case of the cultivars from the Jonagold group (Decosta, Wilmuta and Rubinstar), as well as cv. Rubin. Fewer damaged buds were observed for the cultivars Šampion, Golden Delicious Reinders, Elise and Jester, and the least -for Gloster and Ligol. Among the new or little known cultivars, a relatively low rate of frost damage was observed for Gala and its mutations -Galaxy and Must, and for the cultivars Delbarestivale, Rubinette and Melodie, and notably greater in the case of the cultivars Topaz, Ariwa, and also Pinova. A high percentage of damaged fl ower buds was observed among the cultivars considered to be resistant to low temperatures (Lobo, Paulared, Cortland). There would also a notable effect of ground relief on the rate of frost damage to fl ower buds of the cultivars Topaz, Lired, Jonagold Decosta, Paulared and Lobo -on the trees growing in the valley, the damage rate was much higher than on the trees growing on the hill. This was confi rmed by analysis of frost damage to fruits: on the trees growing at low-positioned stands the percentage of russeted fruits varied depending on the cultivar, from 9.5 (Lobo) to 57.0 (Lired). Fruits of the cultivars Šampion, Ligol, Delbarestivale, Jester, Gala Must, Ariwa and Odra proved to be the most resistant to frost, Rubin, Elstar Elshof, Golden Delicious Reinders, Pinova and Galaxy turned out to be more sensitive, and Jonagold Decosta and Lired -the most. A high percentage of frost damaged fruits were found on the trees of cv. Gloster. Apples of cv. Elise were more strongly russeted than in other years, but the damage was not localized within the stalk pit, but was found on various parts of the fruit. A similar phenomenon was also observed in the case of cv. Primgold.
2005, Stryjno
Here, the results of observations were largely consistent with those obtained in the orchard at Rudnik. The effect of ground relief was observable in the case of the cultivars Jonagold, Jonagold Decosta, Bohemia, and to a lesser extent -Šampion and Ligol. Flower buds of the cultivars Boskoop, Early Geneva and Topaz sustained frost damage in a notable percentage, those of Golden Delicious Reinders and McIntosh to a lesser extent, and to the least-those of Gloster, Šampion, Pinova, Elise, Idared, and also Mutsu (Tab. 6). Damage to apples was less pronounced than in Rudnik (Tab. 5), but it was also most noticeable on fruits of the Jonagold group of cultivars. Russeting on apples of cv. Gloster, Golden Delicious Reinders, Bohemia and Elise varied within the range of about a dozen percent, with the lowest presence on fruits of cv. Gala, Lobo, Pinova and Šampion.
2007, Rudnik
The studies performed at the end of April showed the highest rate of frost damage in the case of pear trees cv. Klapsa, Konferencja and Bera Hardy (ca. 80% of damaged fl ower buds), and the lowest for the cultivars Concorde and Lukasówka. Following the frost on 2 nd May, the percentage of damaged fl ower buds of sensitive cultivars increased only slightly, while frost damage notably greater than before was observed in the case of fl ower buds of cv. Lukasówka. No such observations were repeated for trees of cv. Concorde, but their fruit-bearing was nearly normal and the fruits did not display any damage, even though the frost occurred during the full blooming period of the trees of that cultivar. Data concerning pears are not included in the tables.
At the end of April, the highest percentage of frozen fl ower buds was recorded in the case of apple trees cv. Cortland and Lobo growing in a depression, and of cv. Šampion, but primarily in the case of Topaz. The lowest rate of damage -among the cultivars examined on that date -was observed for cv. Ligol.
Following the frost of 2nd May, fl ower bud damage reaching 80-90% was found in the case of the cultivars Cortland, Paulared and Lobo (all growing in a depressed area), losses in the range of 60-70% -for the cultivars Paulared (on a hill), Rubin, Šampion and Jonagold Wilmuta, within the range of 50-60% -for Lodel, Lobo (on a hill), Gloster and Galaxy. The lowest number of damaged fl ower buds was observed in the case of Golden Delicious Reinders, somewhat greater (ca. 20%) -for Elise, Ligol, Gala Must and Jonagold Decosta, followed by Delbarestivale. A low damage rate was also noted on the trees of new cultivars (in the 2nd year after planting): Fuji Beni Shogun and Honeycrisp.
Damage to fruits was not studied; it was relatively rare, even in the case of the very frost-sensitive cultivar Lired, and appeared sporadically on apples from the Jonagold group of cultivars, in the form of russeting around the calyx.
2007, Stryjno
On average, the rate of damage caused by spring frosts was lower here than in Rudnik. The favourable effect of orchard location on a hill rather than in a valley was confi rmed for almost all the cultivars grown there. The notable exception was cv. Braeburn Hillwell, but those were trees in the 2nd year after planting. On Table 6 Percentage of frozen fl ower buds and damaged apples in relation to orchard location. Stryjno. The effect of rootstocks on the level of frost damage is arguable and the present study did not provide explicit results. Rootstock P60 did have a signifi cantly favourable effect on the resistance of fl ower buds to spring frost in 2000, but that could have been a result of the positioning of the trees growing on that rootstock within the orchard (schematic 1) and was not confi rmed in 2007. S z c z y g i e ł and C z y n c z y k (2002), under the conditions of the Podkarpacie region, did not fi nd any effect of rootstocks P2, P60 abd P22 on the rate of frost damage to fl owers of apple tree cultivars Ligol, Jonica and Fiesta, but the rate of that damage was low and concerned only 2.3 -12.0% of fl ower buds. J a k u b o w s k i (1997) reports that rootstock P2 delays the blooming of cultivars grafted on it, so it may cause an increase in their frost hardiness, but that was not supported by the results obtained in this study. The effect of rootstocks on frost hardiness of apple tree shoots (cv. Jonagold, among others) was slight (G r u c a , 1999), similarly to that observed in the study by Quamme and Brownlee (1997) . K u r l u s (2005) demonstrated an effect of rootstocks on spring frost damage to cherry ovaries, but he did not fi nd any effect of rootstocks on the time and course of blooming, like K a m i o et al. (2006) in the case of peach trees and L a n g et al. (1997) in the case of cherry trees.
